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INTRODUCTION

R
etinal pigment epithelial (RPE) is one monolayer pigmented cell located in the retina and exposed to a highly oxidative environment, partly due to increased oxygen partial pressure from the choriocapillaris and digestion of polyunsaturated fatty acid laden photoreceptor outer segments. It is known that aging RPE cells are an underlying cause in the progression of age-related retinal diseases such as agerelated macular degeneration (AMD), in part, from cumulative oxidative damage to the RPE [1] [2] [3] [4] [5] [6] [7] . Potential antioxidants have been reported for RPE cells protection in an oxidative environment. Shen et al [8] discovered that riluzole protected RPE cells from apoptosis and this protection mechanism could be from stabilizing mitochondrial Δψm and preventing the release of cytochrome C (Cyt-c).
They also proved that changes in TRAAK expression might help to protect RPE cells in oxidative stress. Sachdeva et al [9] found a higher expression of the major regulators of antioxidant Nrf2-targeted genes in aging RPE, suggesting an age-related increase in oxidative stress. The study indicated that the aging RPE was vulnerable to oxidative stress damage due to impaired Nrf2 signaling [9] . There is also a study which identified PGC-1α as a potent driving factor for mitochondrial function and antioxidant capacity of RPE [10] . In addition, a present study showed that isorhamnetin, a 3-O-methylated metabolite of quercetin, exhibited antioxidant effects. They certified that isorhamnetin protected human RPE cells from oxidative stress-induced cell death, inhibiting H 2 O 2 -induced reactive oxygen species (ROS) production and caspase-3 activation in RPE cells. And this effect was associated with activation of the PI3K/Akt signaling pathway [11] . A few studies showed that uncoupling protein 2 (UCP2) played an important role in reducing ROS and inhibiting cell death under oxidative stress. UCP2 was a proton transport protein in the inner membrane of mitochondria, and its essence was H + channel on the inner membrane of the mitochondria.
UCP2 occupied 6%-8% of all mitochondrial proteins and 14% of a membrane protein, increasing the proton leakage of the inner mitochondrial membrane. This resulted in the reduction of transmembrane gradient dependent on the mitochondrial proton on the synthesis of adenosine triphosphate (ATP), leading to the decrease in the efficiency of synthesizing ATP by adenosine diphosphate phosphorylation, oxidation, and phosphate dissolving coupling. With the higher ROS level, the expression of UCP2 increased and the formation of ROS decreased, thus preventing the apoptosis of mitochondrial pathway [12] [13] . Previous studies had reported that UCP2 was significantly increased in the cells of human colon cancer and was proportional to the deterioration extent of cancer cells [14] . 
Characterization of Retinal Pigment Epithelial Cells
An RPE cell marker RPE65 was examined to assess RPE homogeneity in the cultures. Immunofluorescence method was used to identify the cells. Cells were sowed in 6-well plates slide. When the density of adhered cells reached 85 to 95 percent, the cells were removed from the incubator and washed three minutes each time by phosphate buffered saline (PBS) three times. Cells were fixed by 4% multi polyformaldehyde indoor for 30min, then washed three minutes each time by PBS three times. The membrane was permeabilized by Triton for 20min and was blocked by 5% goat serum for one hour. Diluted 1:250 anti-mouse monoclonal RPE65 antibody was dropped and hatched overnight at 4℃, then washed three minutes each time by PBS three times. FITC labeled secondary antibody was dropped and incubated for 1h at 37℃ in the avoidance of light, then washed three minutes each time by PBS three times. Nuclear staining was performed for 7min using 10 μg/mL DAPI, then washed three minutes each time by PBS three times, and mounted using 50% glycerol. Normal mouse and rabbit serum (1:1000) were used instead of the RPE65 antibody in some experiments to serve as negative controls. Labeled cells were visualized by confocal microscopy. Reverse Transcription-Polymerase Chain Reaction Total RNA was extracted using RNA RNeasy kit (Qiagen, Valencia, CA, USA). The first chain reverse transcription cDNA of total RNA was proposed using the iScript cDNA synthesis kit (Bio-Rad, Hercules, CA, USA), and the reverse transcriptionpolymerase chain reaction (RT-PCR) for DNA was amplified using the iTaq polymerase kit (Bio-Rad, Hercules, CA, USA) at an annealing temperature of 60℃ for 35 cycles. PCR products were analyzed on 1% agarose gel electrophoresis. UCP2 primers: forward CTACAAGACCATTGCACGAGAGG and reverse AGCTGCTCATAGGTGACAAACAT were used. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the internal RNA loading control. Western Blot Analysis Protein samples were collected using nuclear protein and cell plasma protein extraction kit (BioRad, Hercules, CA, USA). Of 30 μg of protein was separated on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto nitrocellulose membranes (Bio-Rad, Hercules, CA, USA). After blocking with 5% (w/v) non-fat dried milk, the membranes were incubated with primary antibodies (1:1000) for 3h at room temperature (RT), followed by washing and incubation with horseradish peroxidase (HRP)-conjugated secondary antibodies for 1h at RT. Bound antibody was determined using the Bio-Rad ECL detection system, and Image J software was used to quantitate the protein levels [15] .
Expression of Uncoupling Protein 2 in Retinal Pigment
Epithelial Cells by Confocal Microscopy UCP2 was measured by fluorescent immunohistochemistry. Mitochondria were labeled using Mito Tracker Deep Red, and the actin protein was used for cytoskeleton. The immunofluorescence intensity of UCP2 in these cells was observed by confocal microscope. Cells were cultured and inoculated in Petri culture dish with the density of one hundred thousand cells per milliliter. Then the cells were fixed using 4% formaldehyde at RT for 30min and washed twice with PBS. Actin protein labeled by PBS labeled mitochondria or phalloidin containing 400 nmol/L Mito Tracker Deep Red (1:1000) was added in and incubated at RT for 30min in light, and then washed twice with PBS. Normal serum blocking fluid diluted with PBS (1:50) was added and was incubated in the light at RT for 20min, and then the liquid was dumped without wishing. The first pAb Anti-UCP (one gamma per milliliter dilution) was added and incubated in the light at RT for 1h, and then washed twice with PBS. Then, FITC-goat anti-mouse immunoglobulin G (1:500) diluted with PBS was added and incubated in light for 30min at RT, and then washed twice with PBS for 5min each time. , Vol. 12, No. 3, Mar.18, 2019 www.ijo.cn Tel: 8629-82245172 8629-82210956 Email: ijopress@163.com Five hundred microliter PBS was added, and the confocal microscopy analysis was done immediately. Statistical Analysis All assays were performed using 6-10 independent primary cultures of RPE cells between passages 4-8, and each experiment was done in triplicate. All data were expressed as means±standard error (SE). One-way ANOVA test was performed, and statistical significance was set at P<0.05.
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RESULTS ARPE-19 and Primary Human Retinal Pigment Epithelial
Cell Cultures and Identification Phase-contrast micrographs of ARPE-19 cells and RPE cells showed that RPE cells from the 9-20y and 50-60y donors were more uniform and rounded in morphology and closely arranged like pebbles with round nucleus and clear cytoplasm. While cells derived from the 60-70y and >70y donor cells were longer than the fibroblast state, and the cell body was slightly larger than that of the young donor. ARPE-19 cells and RPE cells from the younger donor grew as a monolayer of tightly packed cobblestonelike cells in culture whereas those from individuals >60y were larger and more fibroblastic in appearance (Figure 1 ). With increased donor age, RPE cells appeared larger in size and showed greater cytoplasmic spreading. The identity of the cells in the cultures was established by visual observation of the pigmented cells by phase contrast microscopy and using RPE65 as an expression marker. Visual observation and immunocytochemistry indicated that greater than 99% of the cells in ARPE-19 and the primary cultures were pigmented and expressed RPE65 (Figure 2) . Images of confocal microscopy showed that the RPE65 was uniformly expressed in the cytoplasm.
Expression of UCP2 in RPE Cells at Different Ages Detected by RT-PCR and Western Blot
The mRNA level of UCP2 in ARPE-19 cells and RPE cells at the younger donors (9-20y) were higher than that from the older donors (>60y) ( Figure 3A) . The protein level of UCP2 in ARPE-19 cells and RPE cells at 9-20y donors was relatively higher, while the expression of UCP2 in RPE cells more than 60y was decreased gradually with age ( Figure 3B ).
Expression of UCP2 in RPE Cells at Different Ages Detected by Confocal Microscopy
The expression of UCP2 in ARPE-19 cells and RPE cells decreased with age as shown in Figure 4A -4B. Cytoskeleton ( Figure 4A ) and mitochondria ( Figure 4B ) were labeled by actin and Mito Tracker Red in red, respectively, whereas UCP2 was labeled in green. The green staining under the confocal microscope was lost gradually in RPE cells with the increased donor ages. DISCUSSION RPE cells are layers of epithelial cells containing melanin between the neural retina and choroid. RPE is a monolayer of hexagonal cells that are closely connected to each other, which could block the free travel of water and ions. Oxidative stress could damage the integrity of the closely linked structure in RPE, and therefore the RPE cells declined when barrier function is impaired, which was a key pathogenic factor of AMD [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] .
As the main producer of cellular superoxide, mitochondria are the target of intracellular oxidative stress damage. Therefore, excessive oxidative stress could lead to mitochondrial damage, which further leads to the dysfunction of vascular endothelial cells [28] and gangliocyte ganglion cells [29] . In the process of aging, UCP was responsible for physiological uncoupling and could cause the decline of mitochondrial ROS production. UCP2 was a key subtype of human and a key protein to prevent oxidative stress damage in cultured glomerular mesangial cells [30] . UCP2 played an important role in the protection of oxidative stress of human sperm by reducing the production of ROS [31] . UCP2 could promote cell proliferation and inhibit the cell apoptosis induced by high glucose through up-regulating Bcl-2 and down-regulating caspase-3 and Cyt-c, which arrived at a conclusion that UCP2 might be a new protective factor for diabetic complications (such as diabetic retinopathy). In contrast to young mice, the deficiency of UCP2 in the elderly mice was more harmful to acute pancreatitis, which was hypothesized to be caused by an imbalance inflammatory response [32] . Oxidative stress was believed to support many aging processes, and the oxidative stress theory of aging was the most widely recognized theory [33] . Some researchers showed that induction of UCP could reduce cell damage due to the production of excessive ROS in the process of aging [34] . UCP2 could also prolong the lifespan, and was an important metabolic protein of the mitochondria connected to longevity [35] . In order to analyze the expression of antioxidant protein UCP2 in human RPE cells at the different ages, we cultured ARPE-19 cells and primary RPE cells, and then detected the expression of UCP2 in these cells by RT-PCR, , Vol. 12, No. 3, Mar.18, 2019 www.ijo.cn Tel: 8629-82245172 8629-82210956 Email: ijopress@163.com Western blot, and laser scanning confocal microscopy. All the results showed that the expression of UCP2 in ARPE-19 cells and RPE cells from the younger donors was higher than those from the older donors, which suggested that the resistant ability to oxidative stress in RPE cells from the elderly people decreased, while apoptosis and oxidative damage increased significantly. Therefore, we proposed that the incidence of agerelated pathological changes (AMD, etc.) in RPE cells in the older population increased significantly, with the lower ability of anti-oxidation, partly due to the decreased expression of UCP2. UCP2, as a protein in the mitochondrial membrane, could prevent the apoptosis of the mitochondrial pathway and inhibit oxidative stress. We proposed the increased expression of UCP2 by regulation could enhance the ability of aged RPE cells to resist the oxidant damage. UCP2 was expected to be a new protective target to RPE cells with either diabetic retinopathy or aging and might become a new target for treating aging and degenerative diseases.
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In conclusion, expression of the UCP2 gene was decreased in aged RPE cells, promoting the lower ability of anti-oxidation in these cells. It is indicated that the UCP2 gene might be a new target of RPE cells, protecting these cells from oxidative stress damage.
